LIGHT DETECTION DEVICE AND MOUNTING METHOD THEREOF 



Cross-Reference to Related Application 

This application claims priority under 35 USC 119 from Japanese Patent Application No. 
2003-104477, the disclosure of which is incorporated by reference herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a light detection device such as an ultraviolet light 
detection device or the like, and to a method for mounting the light detection device. 
Description of the Related Art 

In recent years, industrial devices in which ultraviolet light is applied have included color 
image-outputting devices, ozone generating devices, semiconductor fabrication devices and the 
like, and have been applied to many fields, such as printing, coating, photofabrication and the 
like. Semiconductor light-receiving elements have been employed for measuring ultraviolet 
light. 

As semiconductor light-receiving elements, the use of gallium nitride-based 
semiconductors, oxide semiconductors and the like, which do not absorb visible light, has been 
proposed. With nitride semiconductors, ultraviolet light-receiving elements of polycrystalline 
gallium nitride formed on transparent conductive glass substrates have been realized. 
Ordinarily, in a case in which a semiconductor light-receiving element is to be used as a light- 
receiving element in the form of a chip, the light-receiving element is installed in a metal, 
plastic or ceramic casing, and a protective layer is formed thereon before use. 

These light-receiving elements are mounted in circuits, amplifiers and the like, using 
metallic wiring pins, plate-form terminal electrodes and the like as output terminals from the 
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light-receiving elements. Therefore, in the current circumstances, the light-receiving elements 
are not suitable for surface-mounting. 

A thin-shaped ultraviolet light detection device in which a light-receiving element is fixed 
to a protective member by an epoxy adhesive has been proposed in, for example, Japanese 
Patent Application Laid-Open (JP-A) No. 2001-210856. However, line-shaped or rod-shaped 
electrodes are provided thereto as output electrodes, and this is not suitable for surface- 
mounting. 

Therefore, in order that these light-receiving elements may be employed in large 
quantities by automatic devices and in accordance with the miniaturization of electronic 
devices in recent years, forms of these elements which are suitable for surface-mounting 
techniques are desirable, and improvements have been hoped for. 

SUMMARY OF THE INVENTION 
The present invention has been devised in consideration of various problems described 
above. The present invention provides a light detection device capable of stable surface- 
mounting on, for example, a circuit board or the like, and a mounting method of the light 
detection device. 

A light detection device of a first aspect of the present invention includes: a light- 
receiving element including a semiconductor layer for detecting light and a first electrode 
which is electrically connected with the semiconductor layer; an insulative substrate for 
supporting the light-receiving element; and a second electrode which is provided so as to be 
exposed at a first face and a second face of the insulative substrate. Moreover,, the light- 
receiving element is disposed on the first face of the insulative substrate, and the first electrode 
is electrically connected with the second electrode that is exposed at the first face of the 
insulative substrate. 
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In the light detection device of the present aspect, the light-receiving element is disposed 
on the first face of the insulative substrate, and the second electrode, which is exposed at the 
first face (for example, a front face) of the insulative substrate is electrically connected with the 
semiconductor layer of the light-receiving element by the first electrode. Thus, when the light 
detection device is to be mounted at, for example, a circuit board or the like, the second 
electrode, which is exposed at the second face (for example, an end face (side face) or a rear 
face) of the insulative substrate, is electrically connected with an external terminal of the circuit 
board. Thus, stable surface-mounting on, for example, a circuit board or the like is enabled with 
a simple structure and without greatly altering structure of the light-receiving element. 

In a light detection device mounting method of a second aspect of the present invention, 
the semiconductor device of the present invention described above is surface-mounted on the 
circuit board such that the second electrode, which is exposed at the second face of the 
insulative substrate, is connected with the external terminal of the circuit board. Thus, as 
described above, stable surface-mounting is enabled. 

That is, the light detection device mounting method of the present aspect includes: 
preparing a light-receiving element which includes a semiconductor layer for detecting light 
and a first electrode which is electrically connected with the semiconductor layer; providing a 
second electrode so as to be exposed at a first face and a second face of an insulative substrate; 
preparing the light detection device by disposing the light-receiving element on the first face of 
the insulative substrate such that the first electrode is electrically connected with the second 
electrode that is exposed at the first face of the insulative substrate; and surface-mounting the 
light detection device on a circuit board such that the second electrode that is exposed at the 
second face of the insulative substrate is connected with an external terminal of the circuit 
board. 



3 



BRIEF DESCRIPTION OF THE DRAWINGS 
An embodiment of the present invention will be described in detail based on the following 
figures, wherein: 

FIG. 1 is a schematic structural view showing a light detection device relating to an 
embodiment of the present invention; 

FIG. 2 is a schematic structural view showing another example of the light detection 
device relating to the embodiment of the present invention; 

FIG. 3 is a schematic view for explaining a mounting method of the light detection 
devices relating to the embodiment of the present invention; and 

FIG. 4 is a schematic structural view showing a deposition apparatus which is employed 
in production of nitride semiconductors. 

DETAILED DESCRIPTION OF THE INVENTION 

Herebelow, an example of an embodiment of the present invention will be described with 
reference to the drawings. Note that descriptions are given with items that have substantially the 
same functions being given the same reference numerals in all the drawings, and descriptions 
thereof may be omitted in some cases. 

FIG. 1 is a schematic structural view showing a light detection device relating to the 
embodiment of the present invention. 

The light detection device of the present embodiment is structured by a light-receiving 
element 20 which is disposed on an insulative substrate 22. The present embodiment has a 
structure in which one of the light-receiving elements 20 is disposed on one insulative substrate 
22. However, a structure in which plural light-receiving elements 20 are disposed on one 
insulative substrate in an array form or in a stacked form is also possible. 

The light-receiving element 20 is structured by laminating a transparent conductive 
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electrode 26 (a first electrode), a semiconductor layer 28 and an electrode 30 (the first 
electrode) in this order on a transparent substrate 24. 

At the insulative substrate 22, terminal electrodes 32 (a second electrode) are provided so 
as to extend from a front face (first face) to an end face or rear face (second face). These 
terminal electrodes 32 may have any structures as long as those structures enable the terminal 
electrodes 32 to connect with electrodes of the light-receiving element (the first electrode) and, 
at a time of mounting on, for example a circuit board or the like, enable the terminal electrodes 
32 to connect with external electrodes of the circuit board or the like. The terminal electrodes 32 
should be provided so as to be exposed at the first face, at which the light-receiving element is 
disposed, and at the second face, which is different from the first face. For example, the 
terminal electrodes 32 may be provided so as to extend from a front face of the insulative 
substrate 22 to an end face of the same (in this mode, the second face corresponds to the end 
face). Alternatively, a through-hole may be formed in the insulative substrate 22 and a 
conductive material is embedded in this through-hole, so that the terminal electrodes 32 are 
provided so as to be exposed at firont and rear faces of the insulative substrate. The terminal 
electrodes 32 that are exposed at the second face, which is different from the first face of the 
insulative substrate 22, are output terminals of the light detection device. 

Thus, the light-receiving element 20 is disposed at the front face of the insulative 
substrate 22. Further, the transparent conductive electrode 26 and the electrode 30 of the light- 
receiving element 20 are conductively connected, via conductive members 34, to the terminal 
electrodes that are exposed at the front face (first face) of the insulative substrate. 

Here, as shown in FIG. 1, the light-receiving element 20 may have conductive paths 
formed via the conductive members 34, and the light-receiving element 20 may be fixed to the 
insulative substrate 22 by being adhered to the conductive members 34. Alternatively, as shown 
in FIG. 2, the whole of the light-receiving element 20 (except for connection portions 
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corresponding to the conductive members 34) may be fixed to the insulative substrate 22 by an 
adhesive layer 36. Moreover, a portion of the light-receiving element 20 (excluding the 
connection portions corresponding to the conductive members 34) may be fixed to the 
insulative substrate via the adhesive layer 36. 

Further, a mode in which a recess portion is formed in the insulative substrate 22 
beforehand, and the light-receiving element 20 is embeddedly provided in this recess portion is 
also possible. Hence, it is possible to avoid light entering through end faces of the light- 
receiving element 20, and favorable operation is possible. 

A light detection device with the structure described above is surface-mounted on a circuit 
board. As shown in FIG. 3, positioning is performed such that, for example, external terminals 
42 on a circuit board 38, on which cream solders 40 have been printed, electrically connect with 
the terminal electrodes 32 that are exposed at the rear face (second face) of the insulative 
substrate 22. Hence, for example, reflow processing is implemented, and surface-mounting on 
the circuit board is completed. 

Here, solder is preferable for achieving electrical contact between the circuit board 38 and 
the light detection device. However, curable conductive resins are also preferable in view of 
adhesive strength, heat resistance and environmental stability. A filler such as a metal, carbon 
or the like may be utilized as a conduction agent of a curable conductive resin. A resin that is 
commonly employed as an adhesive may be utilized as a curable conductive resin. An ordinary 
silver epoxy-type conductive resin in which silver particles are dispersed may be utilized as a 
curable conductive resin. Anisotropic conductive materials may also be utilized as a curable 
conductive resin. 

With the present embodiment as described above, stable surface-mounting on a circuit 
board or the like is enabled with a simple structure and without greatly altering a structure of the 
light-receiving element. Further, the light detection device of the present embodiment employs 
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a particular nitride semiconductor as the semiconductor layer 28. As a result, a heat-resistant 
light-receiving element is realized with a thin and compact form. Consequently, a solder reflow 
process can be applied to the electronic circuit board and, in particular, a light detection device 
which is excellent for mass production is possible. 

Below, each member of the present embodiment will be described in further detail. 

The insulative substrate 22 is required to have a heat resistance of at least 100 'C, and a 
material may be employed that is electrically insulative. The insulative substrate 22 may be 
transparent, may be opaque, and may be colored. Specifically, the insulative substrate 22 is 
preferably structured by, for example, ceramics such as glasses, oxides and nitrides; materials 
formed of crystals such as sapphire, quartz and the like; plastics which are mixtures of organic 
polymer resins and inorganic materials; and the like. Among them, ceramics and plastics are 
preferable in view of processability and availability. 

As structural materials of the terminal electrodes 32, metals may be used and oxide 
conductors may be used. The terminal electrodes 32 that are exposed at the end face (second 
face) of the insulative substrate are electrically connected with external terminals of a circuit 
board in a procedure for surface-mounting of the light detection device. Accordingly, the 
terminal electrodes 32 is preferably structured by conductive materials which are solder 
compatible, and which are ordinarily used as connection members, and it is preferable if the 
terminal electrodes 32 are metal electrodes. However, in a surface-mounting procedure in 
which a conductive resin is employed as a connection member, the terminal electrodes 32 may 
be conductive materials to which soldering is not applicable, such as an oxide conductor or the 
like. 

The terminal electrodes 32 may be formed at the insulative substrate 22 by plating, 
vapor-depositing or sputtering, for example, Au, Ag, Ni, Pd, Pt, Al, Cu, an alloy or the like, or 
by heat-sintering a paste fomied of an organic polymer compound and a metal. Further, the 
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terminal electrodes 32 may be formed by adhering, for example, thin plates of metal to surfaces 
of the insulative substrate 22. 

The semiconductor layer 28 of the light-receiving element may be structured by a nitride 
including at least one of Al, Ga and In with nitrogen. A light-receiving element which utilizes 
such a nitride semiconductor can be structured as an ultraviolet light-receiving element with a 
compact, thin form. Such a nitride semiconductor is preferable, because wavelengths of light 
that are received can be freely changed by changing the composition of the semiconductor. 

Crystalline characteristics of the nitride semiconductor are not particularly limited: the 
nitride semiconductor may be non-crystalline, may be formed with microcrystalline phases, 
may have a state in which microcrystalline and non-crystalline phases are mixed, may be 
polycrystalline, and may be a single crystal. A crystal system may be either of a cubic system 
and a hexagonal system, and may be in a state in which plural crystal systems are mixed. A size 
of microcrystals is from 5 nm to 5 |im, and can be measured by X-ray diffraction, electron 
diffraction, and profile measurements using cross-sectional electron micrographs. Further, a 
crystal may be grown in a columnar form, may be a film having a form in which crystal surface 
orientations are aligned to a high degree of alignment, and having a single peak in an X-ray 
diffraction spectrum, and may be a single crystal. 

If the nitride semiconductor is non-crystalline, the semiconductor may include hydrogen 
with a hydrogen density of not less than 0.5 at% and not more than 50 at%, and may further 
include a single-bond halogen element. 

If the hydrogen included in the nitride semiconductor is less than 0.5 at%, the hydrogen is 
insufficient for eliminating bonding defects at crystal boundaries, and bonding defects and 
unmatched bonds within non-crystalline phases, by bonding with hydrogen, and for 
deactivating defect levels which are formed in band characteristics. Thus, bonding defects and 
structural defects are more numerous, dark resistance is lower and light sensitivity is lost. As a 
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result, the nitride semiconductor cannot function as a practical photoconductor. 

On the other hand, if the hydrogen included in the nitride semiconductor exceeds 50 at%, 
probabilities of two or more hydrogens bonding with group HI elements and group V elements 
will increase. Consequently, these elements will not hold three-dimensional structures, so as to 
form two-dimensional and chain-form networks. In particular, voids will occur in large 
quantities at crystal grain boundaries. Therefore, as a result, new levels will be formed in band 
characteristics, electrical characteristics will deteriorate, and mechanical characteristics such as 
hardness and the like may be reduced. Moreover, the layer will oxidize more easily, as a result 
of which impurity defects will occur in large numbers within the layer, and excellent 
photoelectrical characteristics may not be obtainable. 

Further, if the hydrogen included in the nitride semiconductor exceeds 50 at%, dopants, 
which are doped in order to control electrical characteristics, will be inactivated by the 
hydrogen. As a result, a non-single crystalline photosemiconductor formed by an electrically 
active non-crystalline material or microcrystals may not be obtainable. 

Here, absolute values of hydrogen density can be measured by hydrogen forward 
scattering (HFS). Further, estimations thereof are possible by measuring amounts of hydrogen 
released by heating, or by measuring IR (infrared) spectra. Further still, hydrogen bonding 
states thereof can be easily measured by infra-red absorption spectra. 

An atomic ratio between group HI elements that are included in the nitride semiconductor 
and the nitrogen atoms is preferably in a range from 0.5: 1.0 to 1 :0.5. If the atomic ratio is less 
than 0.5: 1 .0, or is greater than 1 :0.5, there will be fewer portions at which bonds between group 
in elements and nitrogen atoms adopt tetragonal forms, defects will be more numerous, and 
favorable functionality as a nitride semiconductor may be lost. 

In a case in which there are two or more group in elements included in the nitride 
semiconductor, a band gap of the nitride semiconductor can be adjusted to a desired value by 
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altering mixture ratios thereof. For example, with a GaN:H base composition having a band gap 
of 3.2 to 3,5 eV (corresponding to an absorption edge at long wavelengths of approximately 420 
nm to 300 nm), it is possible to adjust to a band gap of 3.5 to 6.5 eV (corresponding to an 
absorption edge at long wavelengths of 300 nm to 180 nm) by adding Al to this composition. 
The band gap can be further adjusted by addition of Al and In to the base composition. 

Each element in a composition included in the nitride semiconductor can be measured by 
a method such as X-ray photoelectron spectroscopy (XPS), electron microprobing, Rutherford 
backscattering (RBS), secondary ion mass spectrometry or the like. 

Now, beside the nitride semiconductors described above, the semiconductor layer 28 can 
be structured by a wide-band-gap oxide semiconductor such as titanium oxide, zinc oxide or the 
like. 

Titanium oxide may be crystalline or microcrystalline, may be polycrystalline, and may 
have rutile or anatase forms. Zinc oxide may be crystalline or microcrystalline, and may be 
polycrystalline. 

These oxide semiconductors have smooth surfaces and are transparent. Titanium oxide 
and zinc oxide are n-type semiconductors due to oxygen bonding defects caused by variations 
of oxygen density from chemical stoichiometric ratios, and form Schottky barriers with 
transparent conductive electrodes. Composition ratios of oxygen to titanium or zinc from 0.9 to 
1 .2 can be employed. Electrical characteristics of these oxide semiconductors can be controlled, 
after production, by carrying out hydrogen plasma processing, thermal annealing processing in 
a hydrogen atmosphere, or the like. 

A size of crystals in an oxide semiconductor may be from 5 nm to 50 |jm. Crystal sizes 
can be measured by X-ray diffraction, electron diffraction and profile measurements using 
cross-sectional electron micrographs. 

An oxide semiconductor can be produced by vapor deposition, reactive vapor deposition, 
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ion plating, sputtering, reactive sputtering, a CVD process of reacting a metal chlorine 
compound or organic compound with oxygen, or by hydrolysis or thermal decomposition of a 
metal alkoxide compound or metal chelate compound. 

Here, it is possible to employ titanium oxide or zinc oxide as a material for vapor 
deposition, reactive vapor deposition, ion plating, sputtering or reactive sputtering, and to form 
a film with the titanium oxide or zinc oxide in an atmosphere including oxygen as a material. 
Further, a method of directly reacting titanium and oxygen as a material is also possible. 

Further, it is also possible to produce an oxide semiconductor using a gas of titanium 
chloride, titanium alkoxide, zinc chloride or zinc alkoxide, by decomposition-reacting them in a 
heated state in an oxygen atmosphere or oxygen plasma. 

The transparent substrate 24 may be conductive or insulative, and may be crystalline or 
non-crystalline. For a conductive substrate, semiconductors such as GaN, SiC, ZnO and the like 
are available. 

An insulative substrate to whose surface conductivity processing has been applied may be 
employed as the transparent substrate 24. For an insulative substrate, a transparent inorganic 
material such as glass, quartz, sapphire, MgO, LiF, CaFj or the like, or a transparent polymer 
film, plate or the like of fluorine resin, polyester, polycarbonate, polyethylene, polyethylene 
terephthalate, epoxy or the like may be employed. In cases in which ultraviolet light of 
wavelength 330 nm or less is to be measured, quartz, sapphire, MgO, LiF, CaFj and the like are 
preferable. 

Note that light is made incident to the light detection device (light-receiving element) 
fi-om the transparent substrate 24 side thereof, and the transparent substrate 24 may also serve 
as an optical filter in order to control spectral responsivity. 

The transparent conductive electrode 26 may be formed by a process of vapor deposition, 
ion plating, sputtering or the like using a transparent conductive material such as ITO, zinc 
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oxide, tin oxide, lead oxide, indium oxide, copper iodide or the like. Alternatively, a transparent 
conductive electrode which is formed to be so thin as to be semi-transparent by vapor- 
depositing or sputtering a metal such as Al, Ni, Au or the like may be used. 

The electrode 30 may be formed by a process of vapor deposition, ion plating, sputtering 
or the like using a transparent conductive material such as ITO, zinc oxide, tin oxide, lead oxide, 
indium oxide, copper iodide or the like. Alternatively, an electrode which is formed by vapor- 
depositing or sputtering a metal such as Al, Ni, Au, Ag, Ti, Pt or the like may be used. The 
electrode 30 need not necessarily transmit light. In cases in which a metal is used for forming 
the electrode 30, the electrode 30 operates as a mirror which reflects light (for example, 
ultraviolet light) that has been transmitted through the semiconductor layer 28, and is favorable 
in that overall sensitivity is improved. 

For the adhesive layer 36, acrylic resin, polyester^ polyvinyl chloride, polyethylene, 
polypropylene, polyurethane, epoxy resin or the like may be employed. Among them, silicone 
resins are favorable in having low UV absorption, processability and heat-resistance. 
Denatured silicone resins can also be used. For the adhesive layer 36, curable silicone and room 
temperature curable silicone may be employed. For the adhesive layer 36 using a resin material, 
various processes are applicable, such as spray coating, printing with a bar coater, screen 
printing, blade printing, drop processes, etc. 

As the conductive members 34, for example, curable conductive resins are preferable in 
regard to adhesive strength, heat resistance and environmental stability. A filler such as a metal, 
carbon or the like may be employed as a conduction agent of a curable conductive resin. A resin 
that is commonly employed as an adhesive may be employed as a resin of the curable 
conductive resin. A usual silver epoxy-type conductive resin in which silver particles are 
dispersed may be employed as a curable conductive resin. Further, anisotropic conductive 
materials may be employed as curable conductive resins. As a specific example of such a 
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conductive resin, for example, a thermosetting silver paste or the like may be utilized. 

Note that, in the light detection device of the present invention, the first electrode and the 
second electrode may each be structured by two or more electrodes. Ordinarily, because two 
electrical connections are formed from one semiconductor layer, each of the first and second 
electrodes may be formed as a pair. 

In the light detection device of the present invention, the second electrode may be a metal 
electrode. When the second electrode is made as a metal electrode, at a time of electrical 
connection to an external terminal of, for example, a circuit board, it is possible to use, for 
example, solder, and more effective surface-mounting is possible. 

In the light detection device of the present invention, the insulative substrate may absorb 
visible light. When the insulative substrate absorbs visible light, reflection of light that has been 
transmitted through the semiconductor layer of the light-receiving element at the insulative 
substrate and re-irradiation of this light to the semiconductor layer is prevented, and accurate 
light detection is possible. 

In the light detection device of the present invention, as a structure of the light-receiving 
element, a structure in which the semiconductor layer and the first electrode are provided on a 
transparent substrate is possible. 

In the light detection device of the present invention, the semiconductor layer of the 
light-receiving element may be structured with a nitride including nitrogen and at least one of 
Al, Ga and In. A light-receiving element utilizing such a nitride semiconductor can be 
structured as an ultraviolet light-receiving element with a compact and thin shaped. 

In the present invention, a structure in which the second electrode is provided so as to be 
exposed at front and rear of the insulative substrate, the light-receiving element is disposed on 
the front face of the insulating substrate, and the first electrode is electrically connected with the 
second electrode that is exposed at the front face of the insulative substrate is a favorable mode. 
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EXAMPLES 

Below, the present invention will be more specifically described by presenting Examples. 
Note that these Examples do not limit the invention. 

A deposition apparatus shown in FIG. 4 is used for the formation of semiconductor layers 
of the present Examples. At the deposition apparatus shown in FIG. 4, 1 denotes a vacuum 
chamber, 2 denotes an evacuation port, 3 denotes a substrate holder, 4 denotes a heater for 
heating a substrate, 5 and 6 denote quartz pipes which are connected to the vacuum chamber 1 , 
and the quartz pipes 5 and 6 are communicated with gas introduction pipes 9 and 10, 
respectively. In addition, a gas introduction pipe 11 is connected to the quartz pipe 5, and a gas 
introduction pipe 12 is connected to the quartz pipe 6. In the deposition apparatus shown in FIG, 
4, Nj, for example, is used as a source of the element nitrogen, and is introduced through the gas 
introduction pipe 9 to the quartz pipe 5. Microwaves are fed into a microwave wave-guide 8, 
which is connected to a microwave oscillator (not shown) which uses a magnetron, and 
electrical discharges are caused to occur in the quartz pipe 5. Hj, for example, is introduced to 
the quartz pipe 6 through the other gas introduction pipe 10. High frequency waves are supplied 
to a high frequency coil 7 firom a high frequency oscillator (not shown), and electrical 
discharges are caused to occur in the quartz pipe 6. A nitride semiconductor film can be formed 
on the substrate by introducing, for example, trimethyl gallium through the gas introduction 
pipe 12 at a downstream side relative to a discharge space. 
(Example 1) 

First, a washed 0.5 mm borosilicate glass substrate (1.2 by 1.8 mm) is sputtered with 
indium tin oxide (ITO) to 1000 A using a metal mask. This substrate (the transparent substrate 
24 on which the transparent conductive electrode 26 is formed) is then placed on the substrate 
holder 3, which is disposed in the vacuum chamber. After evacuation of the interior of the 



14 



vacuum chamber 1 via the evacuation port 2, the substrate is heated to 400'C by the heater 4. 
gas is introduced into the quartz pipe 5, which has a diameter of 25 mm, by the gas introduction 
pipe 9 at 2000 seem. Microwaves of 2.45 GHz through the microwave wave-guide 8 are set to 
an output of 250 W, matching is achieved with a tuner, and electrical discharging is 
implemented. Reflection waves at this time are 0 W. Hj gas is introduced into the quartz pipe 6, 
which has a diameter of 30 mm, by the gas introduction pipe 10 at 500 seem, and high 
frequency waves at 13.56 MHz are set to an output of 100 W. Reflection waves are 0 W. In this 
state, a vapor of trimethyl gallium (TMGa), which is maintained at 0 X, is bubbled at a 
pressure of 10^ Pa using hydrogen as a carrier gas, and introduced at 0.2 seem by the gas 
introduction pipe 12, while passing through a mass flow controller. Hj gas at a pressure of 
65,000 Pa is introduced to cyclopentadienyl magnesium, which is maintained at 20 "C, by the 
gas introduction pipe 12, and introduced through a mass flow controller to a reaction region at 1 
seem. A reaction pressure measured with a Baratron vacuum gauge at this time is 6.7 Pa. This 
deposition is performed for 120 minutes, and a 0.1 -pm Mg-doped GaN:H film (the 
semiconductor layer 28) is produced. 

Thereon, a 1 by 1 mm Au electrode (a light-receiving electrode and terminal portion, i.e., 
the electrode 30) is produced by vacuum deposition to a thickness of 50 nm. Thus, a light- 
receiving element (the light-receiving element 20) is produced. 

Then, an insulative substrate at which Au terminal electrode wiring is fomied by plating 
between a front face, an end face and a part of a rear face of a ceramic substrate with a size of 
1.5 by 2.5 mm is prepared (the insulative substrate 22 at which the terminal electrodes 32 are 
provided). The terminal electrode wiring is formed at two locations on the substrate, and 
respective widths of the wiring are 0.5 mm. 

A thermosetting conductive paste (the conductive members 34) is dripped on the terminal 
electrodes that are exposed at the front face of the insulative substrate. Positioning of the 



15 



light-receiving element is implemented and the light-receiving element is laid on the insulative 
substrate. Thus, conduction paths are formed by the conductive paste between the terminal 
electrodes of the insulative substrate and the electrodes of the light-receiving element, and the 
light-receiving element is adhered and fixed on the insulative substrate. A curing temperature 
of the thermosetting conductive paste is 160 'C, for 30 minutes. Thus, a light detection device 
capable of surface-mounting at a flat surface is produced. Thickness thereof is 1 mm. 

The produced light detection device is placed on an electronic circuit board, and 
positioning is implemented, so that the terminal electrodes that are exposed at the end face of 
the insulative substrate are mounted on cream solders, which have been printed on the 
electronic circuit board. Heating processing is applied thereto for 30 seconds at 250 'C. Thus, 
surface-mounting of the light detection device on the circuit board is achieved. 
(Example 2) 

A light detection device capable of surface-mounting at a flat surface is produced in the 
same manner as Example 1 except that: on a face of the light-receiving element (excluding 
portions corresponding to the electrodes), the face being to oppose the insulative substrate, a 
silicone resin (SILICONE SEALANT KE450) is coated to a thickness of approximately 20 jum 
(the adhesive layer 36); and the light-receiving element is fixed by adhesion to the insulative 
substrate by the silicone resin. Thickness of the light detection device is 1 mm. 

The produced light detection device is placed on an electronic circuit board, and 
positioning is implemented, so that the terminal electrodes that are exposed at the end face of 
the insulative substrate are mounted on cream solders, which have been printed on the 
electronic circuit board. Heating processing is applied thereto for 30 seconds at 250 *C. Thus, 
surface-mounting of the light detection device on the circuit board is achieved. 
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